A 37-year-old man was admitted to our hospital for precordial chest pain. He had taken prednisolone (5 mg/day) for systemic lupus erythematosus (SLE) and had been symptom free for the past 12 years. Echocardiography and contrast-enhanced CT of chest showed an enlarged ascending aortic aneurysm, which is rarely seen in SLE. Severe aortic regurgitation was also present, and surgical replacement of the ascending aorta and aortic valve was successfully accomplished by the Bentall procedure. Medial cystic necrosis in the ascending aorta, which is rarely seen in SLE angiopathy, was confirmed by histology. There were no significant histopathological findings in the aortic valve.
Introduction
Systemic lupus erythematosus (SLE) is an autoimmune disease that eventually results in inflammatory damage in multiple organs including skin, joints, serosa, nerves, kidneys, heart, and blood vessels (1) . The cardiovascular system is often damaged, mainly as pancarditis involving the pericardium, myocardium, endocardium and coronary arteries; and there is often hypertension due to microvascular damage (2) . Furthermore, valvular disease is one of the common complications, with up to 50% of SLE patients displaying abnormalities on echocardiography (3) . In contrast, macrovascular complications are infrequent in SLE, and aneurysm formation has rarely been reported (4, 5) . Here, we report a rare case of SLE in a man complicated by ascending aortic aneurysm and severe aortic regurgitation due to aortic annular dilation.
Case Report
A 37-year-old man was admitted to our hospital because of precordial chest pain. He had a past history of SLE that included the following findings: A photosensitivity disorder was found at the age of 22 years. Two years later, a butterfly-rash and arthritis appeared accompanied by fever. Laboratory evaluation showed a WBC count <4,000/μL and anti-Sm antibodies were positive. With these abnormal findings, he was diagnosed with SLE at the age of 24 years according to established criteria (1). Thereafter, he was treated with 40 mg of prednisolone daily. However, one month after starting steroid therapy, he suffered from fever, headache and seizures, and was admitted to our hospital. We performed a lumbar puncture and found that the number of cells in his spinal fluid was 195/mm 3 and the protein concentration was 60 mg/dL. Based on these findings, he was diagnosed with lupus meningitis. A course of pulsed steroid therapy was initiated, followed by oral intake of 60 mg/day prednisolone. After discharge, the steroid dose was gradually tapered to 5 mg/day in our outpatient clinic, and he was free of SLE symptoms for the past 12 years. 
F i g u r e 2 . T h e t wo -d i me n s i o n a l e c h o c a r d i o g r a m s h o we d d il a t i o n o f t h e a s c e n d i n g a o r t a a n d a o r t i c a n n u l u s .

F i g u r e 3 . Do p p l e r c o l o r -f l o w i ma g i n g s h o we d a l a r g e j e t o f a o r t i c r e g u r g i t a t i o n i n t h e p a r a s t e r n a l l o n g -a x i s v i e w.
F i g u r e 4 . A c o n t r a s t -e n h a n c e d CT s c a n o f t h e c h e s t s h o we d f u s i f o r m d i l a t i o n o f t h e a s c e n d i n g t h o r a c i c a o r t a .
The third and fourth heart sounds were also audible. There was no physical evidence of lupus activity in any organ system. Laboratory investigations showed the following: WBC, 4,140/mm 3 ; hemoglobin, 13.1 g/dL; haematocrit, 38.3%; platelet count, 115×10 3 /mm 3 ; blood urea nitrogen, 10.6 mg/ dL; creatinine, 0.99 mg/dL; creatine phosphokinase (CK), 107 IU/L; CK-MB, 9 IU/L; troponin, <0.03 ng/mL; C3, 87.3 mg/dL; C4, 28.2 mg/dL; CRP, 1.53 mg/dL; and NT prBNP, 21,106 pg/mL. A chest radiograph revealed cardiomegaly but no pulmonary edema or pleural effusion (Fig. 1) . The two-dimensional echocardiogram showed dilation of the ascending aorta (diameter of 75 mm) and aortic annulus (diameter of 33 mm) (Fig. 2) . Doppler color-flow imaging showed severe aortic regurgitation (AR) (Fig. 3) . The left ventricular diastolic dimension, systolic dimension, and ejection fraction were 86 mm, 79 mm, and 33%, respectively. In addition, contrast-enhanced CT of the chest showed fusiform dilation of the ascending aorta, with a diameter of 79 mm (Fig. 4) . According to these findings, the final diagnosis was ascending aortic aneurysm, annular dilation, AR and chronic heart failure. On the 6th day after admission, the ascending aortic aneurysm and aortic regurgitation were successfully treated with the Bentall procedure. Histopathologically, there was no evidence of active aortitis on H&E staining (Fig. 5A) . However, disruption and fragmentation of collagen fibers and the accumulation of Alcian blue-positive mucopolysaccharides were found in the ascending aortic wall, which was consistent with medial cystic necrosis ( Fig. 5B and 5C ). There were no significant histopathological findings in the aortic valve. His postoperative course was uneventful, and he was discharged one month after the operation with continuation of steroid therapy.
Discussion
Cardiovascular manifestations frequently complicate SLE (2). Several cardiovascular abnormalities are recognized such as hypertension and arteritis in patients with SLE. In most cases of SLE angiopathy, arteritis lesions are small vessel vasculitides and coronary arteritis. Although aortic aneurysm is a very rare complication of SLE, it can be life threatening. In 1969, Bernhard et al reported the first case of an aortic aneurysm in a patient with SLE (6). Since then, only 27 cases including dissecting aneurysm have been reported (4, 5, 7-17).
F i g u r e 5 . Hi s t o p a t h o l o g i c a l f i n d i n g s i n t h e a s c e n d i n g a o r t i c wa l l . A, He ma t o x y l i n a n d E o s i n s t a i n i n g : t h e r e wa s n o e v i d e n c e o f a o r t i t i s ; B , Al c i a n b l u e s t a i n i n g : a c c u mu l a t i o n o f Al c i a n b l u ep o s i t i v e mu c o p o l y s a c c h a r i d e s ; a n d C, E l a s t i c a v a n Gi e s o n s t a i n i n g : d i s r u p t i o n a n d f r a g me n t a t i o n o f c o l l a g e n f i b e r s i n t h e a o r t i c me d i a .
A B C
It is well known that the aneurysm formation can be caused by atherosclerosis. Aneurysm has a tendency to occur at a younger age in SLE patients than in others, although the occurrence of aneurysm is rare in SLE patients (4). Thus, other factors in addition to atherosclerosis are presumed to contribute to aneurysm formation in SLE patients. Several lines of accumulating evidence suggest that mucoid degeneration, vasculitic damage, hypertension, atherosclerosis, and steroid treatment are associated with aneurysm formation in SLE patients (10) . Long-term steroid therapy leads to connective tissue weakness by suppressing the formation of granulation tissue and chondroitin sulfate, eventually leading to aneurysm formation (10, 11, 18) .
Valvular abnormalities are often detected in SLE patients. Aortic regurgitation may occur as a result of endocarditis, fenestrated aortic valve from mucoid degeneration, noninfective vegetation as a result of Libman-Sacks endocarditis and antiphospholipid antibodies (19) . Non-infective vegetation was first described in 1924 by Libman and Sacks and was thought to cause valvular stenosis and regurgitation (20) . Antiphospholipid antibodies are thought to cause valvular dysfunction due to platelet activation by binding to platelet phospholipids and inhibition of prostacyclin production in the endothelium. However, in the present case, noninfective vegetation on the aortic valve and antiphospholipid antibodies were not detected. The cause of severe aortic regurgitation in the present case was aortic annular dilation due to ascending aortic aneurysm.
Histopathological alterations have been reported such as medial necrosis, wide separation of elastic fibers, patchy mucoid degeneration and perivascular lymphoplasmacytic infiltrates with obliterative endarteritis of the vasa vasorum resulting in microinfarcts. These changes may be possible causes of aortic aneurysm formation in SLE patients (21) . In the present case, there was no evidence of inflammatory vascular lesions. The destruction of collagen fibers and cystic medial necrosis was found, without evidence of aortitis. A decrease in the extracellular matrix leads to cystic medial necrosis. TGF-β is crucially involved in extracellular matrix production. In SLE patients, TGF-β production is impaired because of dysfunctional NK cells (10) . Thus, an immunological disorder is presumed to contribute to aneurysm formation in SLE patients.
In summary, we describe a case of aortic aneurysm with ascending aortic aneurysm and aortic regurgitation due to annular dilation in a comparatively young SLE patient. He was treated by surgical replacement of the ascending aorta and aortic valve. It is well known that SLE patients are at risk of microvascular disease. In contrast, there are few reports of macroangiopathy such as aortic aneurysm in SLE patients. However, the actual comorbidity of macroangiopathy in patients with SLE is still unknown, and it may be larger than currently suspected. We think it may be necessary to regularly screen SLE patients for macroangiopathy.
